Characterization of endomannosidase inhibitors and evaluation of their effect on N-linked oligosaccharide processing during glycoprotein biosynthesis.
Endo-alpha-D-mannosidase is a Golgi-located processing enzyme that achieves deglucosylation of N-linked carbohydrate units through its unique property of cleaving the oligosaccharide chain internally with the release of glucose-substituted mannose (Glc1-3Man). By chemically modifying the characteristic disaccharide product, Glc alpha 1-->3Man, a number of potent inhibitors of the endomannosidase were obtained, foremost among which were Glc alpha 1-->3(1-deoxy)mannojirimycin (Glc alpha 1-->3DMJ) and Glc alpha 1-->3(1,2-dideoxy)mannose (IC50 = 1.7 and 3.8 microM, respectively), which, while blocking the in vitro action of the enzyme, had negligible effect on other endoplasmic reticulum- and Golgi-processing glycosidases. Although preparation of a large number of Glc alpha 1-->3DMJ derivatives did not yield a more effective endomannosidase inhibitor it provided valuable information relating to the structural requirements for the enzyme-substrate interaction. Glc alpha 1-->3DMJ was found to be active not only on rat liver endomannosidase but also on the enzyme from a number of other sources including mouse lymphoma (BW5147.3), HepG2, baby hamster kidney, and Madin-Darby canine kidney cell lines. When tested in vivo in lymphoma and Madin-Darby canine kidney cells during a castanospermine-imposed glucosidase blockade, Glc alpha 1-->3DMJ interrupted the endomannosidase processing pathway as evident from a concomitant inhibition of complex oligosaccharide formation and Glc3Man release; similarly the capacity of the glucosidase II-deficient mouse lymphoma cell line (PHAR2.7) to synthesize complex oligosaccharides was blocked by Glc alpha 1-->3DMJ. Endomannosidase could not be detected in Chinese hamster ovary cells by in vitro assay and consistent with this these cells produced only glucosylated polymannose N-linked oligosaccharides during glucosidase blockade. It would appear that by acting in conjunction with a glucosidase inhibitor, Glc alpha 1-->3DMJ and related endomannosidase-blocking agents could have the potential of influencing the exit of glycoproteins from the endoplasmic reticulum and interfering with viral replication.